SUMMARY Forty patients with fractured neck of femur were allocated randomly to undergo surgery under general anaesthesia (GA) or subarachnoid anaesthesia (SAB). After operation, the incidence of deep vein thrombosis (DVT), assessed by venography, was found to be 40% in the SAB group, which was significantly lower than the incidence (76.2%) in the GA group. These observations may account for the previously reported effect of SAB, in comparison with GA, in reducing early postoperative mortality in this category of patient.
mortality is reduced by the former technique (McLaren, Stockwell and Reid, 1978; McKenzie, Wishart and Smith, 1984) and it has been postulated that the difference in mortality may be related to alteration in the incidence of postoperative deep vein thrombosis and subsequent pulmonary embolism. The present study was undertaken to examine this hypothesis, using ascending venography in patients after repair of fractured neck of femur undertaken under either subarachnoid block or general anaesthesia.
PATIENTS AND METHODS
Forty patients admitted for "pin and plate" repair of fractured neck of femur were allocated randomly to receive subarachnoid blockade (SAB group; 20 patients, 16 female) or general anaesthesia (GA group; 20 patients, 14 female). They received fluids i.v. for at least 12 h before surgery to minimize any pre-existing dehydration. No formal premedication was given, but analgesic drugs were administered if required. Anaesthesia General anaesthesia. General anaesthesia was induced with Althesin (Glaxo) 1-3 ml i.v. Following the administration of suxamethonium 50 mg, the trachea was intubated with a cuffed endotracheal tube and anaesthesia was maintained with 66 % nitrous oxide and 0.75-1.25% halothane in oxygen. The patients breathed spontaneously via a semi-closed breathing system with carbon dioxide absorption, with a fresh gas flow of 3 litre min"
1 .
Spinal anaesthesia. Hyperbaric cinchocaine 1.2-1.5 ml ("heavy Nupercaine") was injected slowly (without barbotage) to the subarachnoid space at the L3-^l or L4-5 space via a 22-gauge "spinal" needle. The block was performed with the patient in the horizontal lateral position with the fractured hip dependent. Discomfort caused by turning the patient to this position was transient and minimized by gentle handling. Two minutes after injection, the patient was turned to the supine position and maintained horizontal to produce a bilateral block. Small doses of diazepam were administered i.v. if sedation was necessary.
Venography
Venography was performed as described by Louden and others (1978) , 7-10 days after operation. In one patient, examination was undertaken on the 4th day.
RESULTS
There were no significant differences in mean age (Student's t test) or sex distribution (Fisher's test).
There were no significant differences between groups in preoperative serum urea concentrations, interval between admission and surgery, or estimated blood loss (table I) . However, the mean duration of surgery was significantly longer in the SAB group (93.5 min) than in the GA group (79 min) (P < 0.05). The mean volume of fluid infused was also significantly greater in the SAB group (1300 ml) than in the GA group (923 ml) (P < 0.05) (table I). The incidence of DVT in the SAB group (40 %) was significantly lower than in the GA group (75 %) by Fisher's test (P < 0.05). Ten per cent of patients in the SAB group had unilateral DVT in the leg opposite to that with the fracture. Forty-five per cent of patients in the GA group and 15 % in the SAB group had unilateral DVT on the same side as the fracture. Bilateral DVT occurred in eight of the 16 patients with DVT in the GA group and three of eight with DVT in the SAB group. Clinical evidence of DVT was noted in only three patients, all in the SAB group (table II) .
There was no discernible difference between the two groups in the pattern of distribution of thromboses, which occurred at multiple sites in many patients (table III) .
There was no significant difference in outcome between the two groups in the year following operation (table IV) . Only two patients died within 28 days of operation, both in the GA group (on the 4th and 9th days) and both had DVT. The patient who died on the 4th day had, coincidentally, undergone venography earlier in the day and it was concluded that death resulted from cerebrovascular accident.
DISCUSSION
This study in patients with fractured neck of femur has demonstrated that, in comparison with general anaesthesia, the use of SAB was accompanied by a significantly lower incidence of postoperative DVT. It is important to note that, in assessing the incidence of DVT, our study utilized venography -a technique which is considered to be the most accurate method available for the detection of this condition (Browse, 1978) . Various other studies have used the fibrinogen uptake test, which is very inaccurate after hip surgery, with a false positive rate of approximately 30% (Louden et al., 1978 ) and a false negative rate of between approximately 8 % (Field, Kakkar and Nicolaides, 1972) and 18% (Morris and Mitchell, 1977) . It is also of little value in the detection of thrombi above the knee (Morris and Mitchell, 1977) . Although Davis, Quince and Laurenson (1980) found a lower incidence of DVT (46%) after subarachnoid anaesthesia than after general anaesthesia (76%) in groups of patients similar to those in the present study, they used the less reliable fibrinogen uptake test. A similar association between SAB and reduced incidence of DVT (assessed by venography) has been reported previously in patients undergoing elective hip replacement (Thorburn, Louden and Vallance, 1980) . The use of spinal blockade produced by extradural anaesthesia (as opposed to subarachnoid blockade) was also shown recently to be associated with a reduced incidence of DVT, compared with general anaesthesia, in patients undergoing elective hip replacement (Modig, Borg, Karlstrom et al., 1983) . Furthermore, Modig's group demonstrated that there was a high incidence of abnormalities of lung perfusion scans in the GA (33%) in comparison with the extradural group (10%), suggesting a significant difference in the incidence of pulmonary embolism.
Studies comparing the incidence of DVT following thoracic extradural or general anaesthesia in abdominal surgery have failed to reveal significant differences. With abdominal surgery requiring thoracic extradural analgesia, alone (Hendolin, Tuppurainen and Lahtinen, 1982) or in combination with general anaesthesia (Hendolin, Tuppurainen and Lahtinen, 1982; Mellbring et al., 1983 ), no effect was found on the incidence of DVT. In patients undergoing open prostatectomy, Hendolin, Mattila and Poikolainen (1981) demonstrated a significant difference in postoperative DVT detected by fibrinogen uptake in a GA group (52%) in comparison with an extradural group (12 %), but this was not confirmed by venography.
There are two main mechanisms whereby spinal anaesthesia might cause reduction in the frequency of postoperative deep vein thrombosis: first, by improvement in blood flow in the lower limbs as a result of reduction in vascular resistance in the area below the block, or changes in blood viscosity resulting in maintenance of, or increase in, flow in comparison with a reduction achieved by general anaesthetic techniques; and second, by a decrease in the ability of the blood to coagulate.
There is some evidence that spinal anaesthesia, compared with general anaesthesia, may result in increased blood flow in limbs, and induction of general anaesthesia is known to reduce lower limb blood flow substantially (Clark and Cotton, 1968; Kemble, 1971; Poikolainen and Hendolin, 1983) . Modig, Malmberg and Karlstrom (1980) demonstrated an increase in arterial inflow, venous emptying rate and venous capacity after the institution of extradural block in patients undergoing hip replacement. In addition, spinal anaesthesia (SAB) has been demonstrated to be associated with a significant reduction in blood viscosity in patients with hip fracture (Drummond, et al., 1980) , partly as a result of haemodilution, but also because of an increase in red cell deformability; in contrast, general anaesthesia was shown to produce a decrease in red cell deformability which could be reproduced by exposure to halothane in vitro.
There is also some evidence that spinal anaesthesia might be associated with decreased blood coagulability in comparison with general anaesthesia. Postoperative fibrinolytic activity is decreased less after extradural anaesthesia than after general anaesthesia (Modig, Borg, Bagge et al., 1983) and Simpson and colleagues (1982) found enhancement of fibrinolysis when extradural block was combined with light anaesthesia in patients undergoing hysterectomy. In addition, Zahavi, Price and Kakkar (1980) found enhanced platelet activation and release associated with halothane anaesthesia. However, it is conceivable that extradural anaesthesia may have effects on blood coagulability different than those of subarachnoid anaesthesia as a result of the larger volumes of local anaesthetic solution utilized in the former technique; local anaesthetic agents are known to inhibit platelet adhesion (O'Brian, 1961) , platelet aggregation and release (Feinstein, Fiekers and Fraser, 1976; Cazenave, Benveniste and Mustard, 1979) and leucocyte migration and aggregation (Giddon and Lindhe, 1972) . Lignocaine, given as an i.v. infusion during operation and for the first 6 days after operation, reduced significantly the incidence of DVT in patients undergoing hip replacement in a comparison with a control group given 5 % dextrose (Cooke et al, 1977) . In conclusion, this study is the first to demonstrate convincingly that, compared with general anaesthesia, the use of subarachnoid blockade is associated with a reduction in the incidence of DVT in patients undergoing repair of fractured neck of femur. Thus it complements previous studies demonstrating a similar association for extradural anaesthesia and also for SAB in patients undergoing elective total hip replacement. The relatively small sample size of the present study (dictated by the high expense and logistic requirements of venography) may account for our failure to observe a difference in mortality rates between the SAB and GA groups which could be related to the incidence of DVT. A reduced incidence of DVT may nevertheless be postulated as a possible mechanism for the improved mortality rate seen by McLaren, Stockwell and Reid (1978) and McKenzie, Wishart and Smith (1984) in the early postoperative period following surgery on fractured neck of femur under subarachnoid anaesthesia, compared with general anaesthesia.
